w—
ﬁ
—

i

Functional human variation
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We are all different!

LYSIS CBS

The human genome is ~3 x 10° base pairs of DNA
=> no two humans ever have been or will be genetically identical

Between any two humans, the amount of genetic variation is ~ 0.1%

~ one base pair out of every 1,000 will be different between any two
individuals

UNITED COLORS
OF BENETTON.

Any two (diploid) people have
about 6 x 10° base pairs that
are different!




Genetic variation
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¢ Single nucleotide polymorphisms (SNP)

° Insertlons/deletlons

® Copy numb? variations (large: >1kb) /
® Variable (short) number tandem repeats’
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Deletion Copy number variation

What makes us unigque. Changes in
the number and order of genes (A—D)
add variety to the human genome.
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SNPs H

SNPs (single nucleotide polymorphism) are the most
common type of genetic variation between people

SNP is a one nucleotide difference in DNA
sequence occurring in at least 1 % of the
population

There is ~ 10 - 30 million SNPs in the
human genome

SNPs occur every 100-300 bases along
the 3-billion-base human genome
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HapMap project T
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- haplotype map (HapMap) of the human genome
- =-describes common patterns of human genetic variation

America Africa Central-South Asia East Asia
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6,000 individuals from 13 populations
~ 300,000 SNPs
PCA
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European Journal of Human Genetics (2008) 16, 1413-1429; doi:10.1038/ejhg.2008.210
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- rs number
- location (chr:position)
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" m l & ' 4+ = http:/ /www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=17822931
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“* With probable-pathogenic allele [detail] **

RefSNP An.lo HGVS Names
Organism: human (Homo saplens) Variation Class: S NC_000016.9:9.48258198C>T

Molecule Type: Genomic "l\ﬂ. nuclectide variation NG_011522 1:g.15891G>A
Created/Updated in build: 123/135 RefSNP Alleles: C/T NM_032583 3.c 538G>A
Map to Genome Build: 37.3 G:Gemniine NM_033151.3:c.538G>A
Validation Status: | =< = Allele Origin: o Germiine NM_145186.2.c 538G>A

Citation: PubMed Ancestral Allele: C NP_115972.2:p.Gly 180Arg

Clinical Source: LRV Ll NP_149163.2:p.Gly 180Arg

Clinical Significance: wWith probabio—pathogomc allele NP_6680187.1:p.Gly 180Arg
MAF/MinorAlleleCount: T=0.310/679
MAF Source: 1000 Genomes
NP Details are organized in the following sections
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Transcription factor
binding sites Splicing signals miRNA binding sites
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Long-range Amino acid substitutions Polyadenylation
enhancers
Coding SNPs: Non-coding SNPs:
- non-synonymous coding (missense)  Mostly non-functional, but may affect:
— change of an amino acid - regulatory region
- synonymous coding (silent - splice site
mutation) — no change in protein - transcription factor binding
sequence - messenger RNA degradation
- stop codon (nonsense) - premature - sequence of non-coding RNA
stop codon

- frame-shift coding — insertion/
deletion resulting in frame shift
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Mutations are differences in DNA sequence in an individual that
are rare, and may be unique to the individual (or their family
line).

Polymorphisms are differences in DNA sequence that are found
in many individuals, at a specified frequency (usually 1% or
greater of a population)

Polymorphisms start as mutations, but if they become “fixed” in
the population, and achieve sufficient frequency, they become
polymorphisms.
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Human are diploid (we have 2 homologous copies of each
chromosome)

At each SNP there are 3 possible genotypes:
- homozygous reference

- heterozygous
- homozygous non-reference

Homozygous = 2 identical alleles at given locus, eg. AA
Heterozygous = 2 different alleles at given locus, eg. AC
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Phenotype = organism’s observable characteristic or trait
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An organism's genotype is a major influencing factor in the development of its
phenotype



Genotype => phenotype

Genotype

Phenotype
A: dominant/a:
recessive

Phenotype
A and a codominant

Copyright © 2009 Paarson Education, Inc

CENTERFO
RBIOLOGI
CALSEQU
ENCEANA
LYSIS CBS



SNPedia

‘4 i > ||| S snpedia.com/index.php/Earwax

SNPedia

Navigation
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Promethease
FAQ

Blog

Current events

Rarant rhannac

Page Discussion

Earwax

rs17822931 determines wet vs dry earwax [PMID 16444273 &)
This can also be used to distinguish asian ancestry.

NCBI coffeebreak g introduction

Category: Is a medical condition
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Genotype Effect

rs17822931(C;C) [wet earwax

rs17822931(C;T) |wet earwax

rs17822931(T;T) |dry earwax




Association studies

Affected Unaffected
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Test whether allele frequency of a SNP is significantly

different between the two groups



CENTERFO
RBIOLOGI

GWAS results = p-values I

LYSIS CBS

Manhattan plot displays all SNPs on x-axis (ordered by genomic location), and
—log10 of their p-values on y-axis

Chromosome

Figure 2. Manhattan Plot of the Results from the Combined Subjects of European Ancestry Who Had Asthma,

The <log.. P values are plotted against the physical dstance. Only the two loci at chromosome 1931 and 17q21
were significantly assocated with asthma after Bonferroni correction. Individual chromasome labels are indwcated
in white within the Manhattan plot.



Published Genome-Wide Associations through 06/2011

g /449 published GWA at p<5x10-8 for 237 traits 2011 2nd quarter
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NHGRI GWA Catalog
www.genome.qgov/GWAStudies




@ Abdominal aoric aneurysm
O Acute ymphoblastic leukemia
@ Amesion molecules

@ Adiponectin levels

@ Age-related macular degeneration
O AIDS progression

O Akohol dependence

@ Akpeca areata

O Alzheimer disease

O Amyloid A leveis

O Amyotrophic lateral scierosis
© Angiotensincorvertng enzyme actiity
@ Ankylosing spondyitis

@ Anterial stiffness

@ Asparagus anosmia

@ Asthma

@ Atheroscleros's in HIV

@ Atnal forikaton

@ Atieotion defcithyperactuty doarder
© Autism

@ Basal cell cancer

@ Behcet's disease

© Bipolar disorder

@ Biary atresia

@ Barubin

@ Bitter taste response

O Birth weight

@ Bladder cancer

@ Bleomycin sensitity

@ Blond or brown hair

@ Blood pressure

@ Blue or green eyes

© BMI, waist creumference
© Bone densiy

@ Breast cancer

@ C-reactive protein

@ Caicium levels

@ Cardiac sruchurefunction
@ Cardiovascular risk factors
@ Camitine levels

© Carotenodtocopherol levels
Q© Celac disease

@ Ceiac disease and heumatord arthnes
© Cerebral atrophy measures

@ Chronkc lymphocytc leukema
@ Chronic myeloid leukemia
© Cleft Ipipalate

@ Coffee consumption

@ Cognitive function

O Conduct disorder

@ Colorectal cancer

Q© Comeal thickness

O Coronary disease

@ Creutzieidt-Jakob disease

@ Crobn's disease

@ Crohn's disease and celiac disease
@ Cutansous nevi

@ Cystic fbrosis severity
@ Dematitis

@ DHEA levels

@ Diadetic retinopathy
@ Dilated cardiomyopathy
@ Druginduced liver injury
© Drug-induced liver injury ;
O Endometrial cancer

@ Encometnosis

@ Ecsinophil count

@ Ecsinophilc esophagits

@ Hepatocelhdar carcinoma
O Hrschsprung's dsease
O HIV-1 control

(@) Hodgkin's lymphoma

O Homocystene levels

O Hypospadias

@ Idopathic pulmenary fbrosis
@ IFN-related cytopeni

@ Iga levels

@ IgE levels

© Infammatory bowel disease
@ Insuln-lke growth factors
@ Intracranal aneurysm
@ Iris cokr

@ Iron status markers

@ Ischemic stroke

O Juvenie dopathic arthritis
@ Keloid

@ Kidney stones

@ LOL cholesterol

© Leprosy

@ Erecie dysincion and prostale cancer treatmert @ Leptin recepior levels

@ Enymvocys parameters
© Esophageal cancer
@ Essential remor

O Exfokaten glaucoma
@ Eye color traits

@ F cel distribution

O Fibrinogen levels

@ Folate pathway vitaming
QO Folicular lymphoma
@ Fuch's comeal dystrophy
Q Freckles and buming
QO Galstones

O Gastric cancer

@ Gicma

@ Liver enzymes

@ Longevity

@ LP (a) levels

O LpPLA(2) activity and mass
@ Lung cancer

O Magnesum leveis

@ Major mood disorders

@ Maiaria

© Male pattern baidness

@ Mammographic density
@ Matx metaliopeoterase levels
O mcp-1

@ Melanoma

O Menarche & menopause
O Meningococeal disease
O Metabolkc syndrome

© Migraine

© Moyamoya disease

@ Mutple sclerosis

O Myeloproiferatve neoplasms
O Myopia (pathological)

@ N-giycan levels

O Narcolepsy

O Nasopharyngeal cancer
O Natriuretic peptide levels
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O Response 1o clopidogrel therapy

@ Resporse 1o hepattis C treat ‘0
@ Response 1o interfercn beta theragy |
@ Resporse 1o metakormin U
Q Resporse 1o statn heragy A
O Restless legs syndrome IS

O Retnal vascular caliber
O Rheumatoid arthritis

O Rbavirininduced anemia
Q© Schizophrenia

© Serum metadboltes

@ Skin pigmentation

@ Smoking behavior

@ Speech perception

O Sphingolipid levels

@ Statin-induced myopathy
@ Stoke

@ Sudden cardiac arrest
@ Suicde attempts

© Systemic lupus erythematosus
QO Systemic sclerosis

© T-auleveis

O TauAB1-42 levels

Q Telomere length

QO Testicular germ cell tumor
@ Thyrod cancer

@ Thyroid volume

@ Tooth development

@ Total cholesterol

© Trighycendes

@ Tuwercukss

O Type 1 diabetes

@ Type 2 diabetes

@ Uicerative colitis

O urate

@ Urinary albumin excretion
© Urinary metabolites

@ Uterine Sbeoids

@ Venous thromboembolism
@ Ventcular conduction
O Vertical cup-disc ratio
@ Vitamin B12 levels

@ Veamin D insuthancy
@ Vaiigo

@ \Warlarn dose

@ Weight

QO White cell count

© 'White matter hyperintensity —
@ YKL40 levels



